A long vase life of cut flowers is valued highly by consumers. Cut Eustoma flowers have gained popularity during recent decades in Japan but there are few studies on the postharvest physiology and technology of the flowers. The vase life of cut Eustoma flowers is not long and varies among cultivars. Ethylene is involved in flower senescence and pollination accelerates this process. The Eustoma inflorescence has many flowers and buds; therefore, to improve the postharvest quality of Eustoma inflorescence, promoting bud opening as well as delaying senescence of the open flower are important. This review summarizes the factors affecting vase life and describes effective treatments for cut Eustoma flower stems to extend their vase life.
Introduction
Eustoma grandiflorum (Raf.) Shinn. is an ornamental plant native to the central and southern regions of the United States of America, and was introduced into Japan more than 70 years ago (Ohkawa et al., 1991) . Since then, many cultivars with variations in flower color, size, and shape have been bred and released in Japan. In the natural habitat, Eustoma plants initially form a rosette, grow very slowly during winter, elongate their stems in the spring, and flower in summer. Eustoma plants tend to form a rosette when they are grown at an average temperature above 25°C (Ohkawa et al., 1991) . A lower temperature is required for induction of stem elongation and flowering (Ohkawa et al., 1994) , which is regulated by gibberellin biosynthesis (Hisamatsu et al., 2004; Mino et al., 2003) . Various techniques that prevent or reverse high temperature-induced rosette formation have enabled year-round production and shipping of Eustoma flowers. As a result, in Japan, the production volume of cut Eustoma flowers increased by about 3-fold from 1986 to 2007, and Eustoma has become an important cut flower in Japan, ranking fifth in the production value of cut flowers in 2004.
Studies of postharvest physiology and technology are important to help supply ornamental flowers with a long vase life for consumers. The vase life of cut Eustoma flowers is not long (Cho et al., 2001; Huang and Chen, 2002; Shimizu and Ichimura, 2005) , and varies among cultivars (Motozu and Makihara, 2001) ; however, there are few studies of the postharvest physiology and technology of cut Eustoma flowers. Cut Eustoma flowers are fairly sensitive to ethylene , a phytohormone involved in leaf abscission or flower senescence. Flowers of some ornamentals, including carnation, Delphinium, and gypsophila, are highly sensitive to ethylene, while others, including chrysanthemum and gladiolus, are almost insensitive (Woltering and van Doorn, 1988) . In many ethylene-sensitive flowers, endogenous ethylene production increases during flower senescence. Ethylene production in cut Eustoma flowers increased during flower senescence and most ethylene was produced from the pistil . These findings suggest that ethylene is involved in the senescence of cut Eustoma flowers.
Pollination is known to accelerate petal senescence in many ethylene-sensitive flowers (Stead, 1992) . In cut Eustoma flowers, artificial pollination accelerated flower senescence, which was accompanied by a climacteric rise in ethylene production, largely from the pistil (Ichimura and Goto, 2000) . Pollination is a serious postharvest issue in ornamental flowers because shortening the vase life of flowers reduces their commercial value.
Eustoma inflorescences have many flowers and buds on stems; therefore, the promotion of bud opening as well as delay of senescence of each flower is important to extend the vase life of Eustoma inflorescences and improve postharvest quality. Chemicals, so-called 1. What factors are responsible for cultivar variation in the vase life of unpollinated Eustoma flowers?
To clarify the factors responsible for cultivar variation in the vase life of unpollinated flowers, vase life, ethylene production, and sensitivity to ethylene were investigated using emasculated flowers of six Eustoma cultivars (Shimizu-Yumoto and Ichimura, 2009b) . The vase life of unpollinated flowers ranged from 9.8 to 18.5 days (Table 1 ). Flowers of all tested Eustoma cultivars showed a climacteric-like increase in ethylene production during flower senescence (Fig. 1) . Climacteric-like ethylene production from unpollinated flowers started earlier in short-vase-life cultivars than long-vase-life cultivars, except for 'Asuka-no-nami' (Fig. 1) . The correlation coefficient between the maximum amount of ethylene production prior to petal wilting and flower vase life was not significant (r = −0.09, not significant at 5% level).
These results suggest that ethylene production might not be largely responsible for cultivar variation in the vase life of unpollinated Eustoma flowers. The vase life of cut carnation flowers also varies among cultivars. Longvase-life carnation cultivars, such as 'Sandra', did not show a climacteric rise of ethylene production during flower senescence (Wu et al., 1991a) . Another longvase-life cultivar, 'Chinera', showed climacteric-like ethylene production during flower senescence, but had low sensitivity to ethylene (Wu et al., 1991b) . These findings suggest that the long flower vase life of some carnation cultivars is associated with low ethylene production or low sensitivity to ethylene.
To find the factor responsible for cultivar variation in the vase life of unpollinated flowers, sensitivity to ethylene was investigated in six cultivars (ShimizuYumoto and Ichimura, 2009b) (Table 2 ). Unpollinated Table 2 . Vase life of cut unpollinated flowers with or without ethylene treatment in six Eustoma cultivars.
Values are the means of 5 replications ± SE. z Vase life was defined as the interval from harvest until petals wilted. y Unpollinated flowers were treated with 10 μL·L −1 ethylene for 24 h at 0, 1, and 2 days after harvest. x NS, *, ** indicate non-significant and significant at P < 0.05 or 0.01, respectively, compared to controls of each cultivar (by Dunnett's test). Asuka-no-sazanami 18.6 ± 0.2 13.4 ± 0.4** 14.0 ± 0.5** 13.8 ± 0.5** Values are the means of 8 replications ± SE. z Vase life was defined as the time from harvest to when petals wilted. Cited from Shimizu-Yumoto and Ichimura (2009b) .
Cultivar Vase life (days)
z Azuma-no-sakura 9.8 ± 0.3
Azuma-no-murasaki 9.8 ± 0.5
Maite Sky 11.0 ± 0.4
Asuka-no-nami 14.1 ± 0.2 New Small Lady 15.3 ± 0.6
Asuka-no-sazanami 18.5 ± 0.4 Fig. 1 . Changes in ethylene production by unpollinated flowers in six Eustoma cultivars. Each plot represents the mean of three or four replications + SE.
(Cited from Shimizu-Yumoto and Ichimura, 2009b) .
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flowers were treated with 10 μL·L −1 ethylene for 24 h at 0, 1, and 2 days after harvest. In five cultivars, ethylene treatment accelerated flower senescence at 1 or 2 days after harvest; vase life was less than 10 days in 'Azumano-sakura', 'Azuma-no-murasaki', and 'Maite Sky', but longer than 13 days in 'New Small Lady' and 'Asukano-sazanami' with ethylene treatment at 1 or 2 days after harvest (Table 2) .
Sensitivity to ethylene was estimated according to the degree of reduction in flower diameter after ethylene treatment (Shimizu-Yumoto and Ichimura, 2009b) (Fig. 2) . There was some variation in the diameter of each flower, and the diameter decreased in non-ethylenetreated flowers during senescence. Thus, relative flower diameter was calculated as follows:
where X is the diameter of non-ethylene-treated flowers on the day of ethylene treatment (mm), x is the diameter of non-ethylene-treated flowers after ethylene treatment (mm), Y is the diameter of ethylene-treated flowers on the day of ethylene treatment (mm), and y is the diameter of ethylene-treated flowers after ethylene treatment (mm).
In six cultivars, ethylene treatment either temporarily or continuously reduced relative flower diameter. In short-vase-life cultivars, 'Azuma-no-sakura' and 'Maite Sky', ethylene treatment at 1 or 2 days after harvest reduced relative flower diameter. In another short-vaselife cultivar, 'Azuma-no-murasaki', relative flower diameter decreased initially, then slightly increased, and finally decreased after ethylene treatment. In long-vaselife cultivars, 'New Small Lady' and 'Asuka-nosazanami', relative flower diameter did not decline markedly. Ethylene treatment did not reduce the vase life of 'Asuka-no-nami' flowers (Table 1) ; however, relative flower diameter declined to 46-66% of the control just after ethylene treatment, then increased to about 100% of control (Fig. 2) , suggesting that sensitivity to ethylene is lower in 'Asuka-no-nami' than in shortvase-life cultivars. These findings suggest that sensitivity to ethylene, which is indicated by a reduction of flower diameter, was a factor involved in cultivar variation in the vase life of cut unpollinated Eustoma flowers.
What factors are related to pollination in cut
Eustoma flowers?
In many ethylene-sensitive flowers, including orchids (Burg and Dijkman, 1967; O'Neill et al., 1993) , Digitalis (Stead and Moore, 1979) , petunia , cyclamen , carnation (Nichols, 1971; Larsen et al., 1995) , torenia (Goto et al., 1999) , and Campanula medium (Kato et al., 2002) , pollination accelerates flower senescence. These findings suggest that pollination is a serious postharvest issue in ornamental flowers because shortening the vase life of flowers reduces their commercial value. In cut Eustoma flowers, Ichimura and Goto (2000) reported that artificial pollination accelerated flower senescence, which was accompanied by a climacteric-like increase in ethylene production, largely from the pistil. In this section, we discuss the factors affecting vase life of pollinated Eustoma flowers.
Distance from stigma to anther
The distance from the stigma to anther in cut Eustoma flowers varies among cultivars (Fig. 3) . A flower with a short distance from the stigma to anther probably selfpollinates easily. Therefore, the distance from the stigma to anther, rate of flower pollination, and the vase life of cut Eustoma flowers were examined . Unemasculated flowers of 13 cultivars were harvested on the day of anthesis and kept at 23°C. Among cultivars, the distance between the stigma and anther ranged from 0.1 to 4.0 mm (Table 3) , and the rate of pollinated flowers varied from 0 to 90% (Table 3) . The distance from the stigma to anther and the rate of pollinated flowers were negatively correlated (r = −0.86, significant at 0.1% level), which suggests that flowers are apt to self-pollinate if the distance between the stigma and anther is short.
However, the distance from the stigma to anther and the vase life of naturally self-pollinated flowers were Table 3 . The influence of distance from stigma to anther and rate of pollinated flowers on vase life of 13 cultivars of cut Eustoma flowers.
Values are the means of 10 flowers ± SE. z Vase life was defined as the time from harvest to when petals wilted. y The distance from stigma to anther was measured every 2 days and is expressed as the mean of the minimum lengths. Cited from Shimizu and Ichimura (2002) . not significantly correlated (r = 0.27, not significant at 5% level). Similarly, the rate of pollinated flowers and the vase life of naturally self-pollinated flowers were not significantly correlated (r = −0.50, not significant at 5% level). We hypothesize that the amount of pollen on the stigma affected the senescence of cut Eustoma flowers because the pollinated area of the stigmatic surface was very small in naturally pollinated flowers.
Pollinated area of the stigmatic surface
In Digitalis, the time from anthesis to corolla abscission was proportional to the degree of pollination (Stead and Moore, 1979) . In petunia, 800 viable pollen grains were needed to initiate a maximum wilting rate of flowers after cross-and self-pollination (Gilissen, 1977) . In geranium, ethylene production by pistils and the rate of petal abscission increased as the number of pollinated stigmatic lobes increased (Hilioti et al., 2000) . These findings suggest that the amount of pollen on the stigma affected the flower senescence of some species in which pollination accelerates flower senescence.
To reveal whether a similar phenomenon occurs in Eustoma flowers, the influence of pollinating different areas of the stigmatic surface on the vase life of cut Eustoma flowers was investigated (Shimizu-Yumoto and Ichimura, 2006) . Flowers of six cultivars were emasculated and placed in distilled water. When their stigmas matured, flowers were left unpollinated or pollinated to cover the total area or 1/8 the area of the stigmatic surface. Flowers with the total area and 1/8 the area pollinated senesced faster than unpollinated flowers (Table 4 ). In 'Asuka-no-kozakura', 'Asuka-nonami', and 'Maite Sky', totally pollinated flowers wilted earlier than 1/8-pollinated flowers, whereas in the other three cultivars, this phenomenon was less pronounced (Table 4) .
Patterns of ethylene production of 'Asuka-no-nami' flowers differed, depending on the pollinated area (Fig. 4) . Totally pollinated flowers produced a large amount of ethylene 1 day after pollination. In 1/8-pollinated flowers, ethylene production was very low for the first 2 days and gradually increased later, reaching a peak on day 5. Ethylene production by unpollinated flowers was low compared to that of pollinated flowers, reaching a peak on day 7; therefore, increasing the pollinated area of the stigmatic surface of Eustoma flowers increased ethylene production, but also shortened the time to peak ethylene production.
Then, to show whether the growth of pollen tubes is involved in the acceleration of Eustoma flower senescence, pollen tube growth of styles with stigmas taken from pollinated 'Asuka-no-nami' flowers 1, 2, and 3 days after pollination was observed microscopically (Table 5) . Pollen tubes grew similarly in the upper part of the style in both totally and 1/8-pollinated flowers 1 day after pollination; however, many pollen tubes reached the base of styles earlier in totally pollinated flowers than 1/8-pollinated flowers. These results suggest that the pollinated area affected the growth of pollen tubes in the style at least 1 day after pollination in cut Eustoma flowers. Ethylene is known to induce pectinase and other cell wall hydrolase activity in a variety of tissues, including the abscission zone in leaf stalks and flowers (Kalaitzis et al., 1995; Tucker et al., 1984) and the pericarp of climacteric fruit (Giovannoni, 2001) . In tobacco, pollination-induced ethylene production differs, depending on the extent to which pollen tubes of incongruous pollen grow in the tobacco style (De Martinis et al., 2002) , and the extent to which the vacuolation, disorganization, and modification of the transmitting tissue cells coincide with the physical penetration of this tissue by pollen tubes. Silver thiosulfate complex (STS) treatment, however, inhibits the modification of the transmitting tissue cells (Wang et al., 1996) . These findings suggest that ethylene production affected pollen tube growth by modifying the transmitting tissue cells in tobacco.
3. What treatments are effective in extending the vase life of cut Eustoma flowers?
Application of sugars and leaf damage Sugars play an important role in the physiology of flowers as substrates for respiration, materials for cell wall synthesis, and as osmolytes. Postharvest treatment of cut flowers with metabolic sugars, such as sucrose, glucose, or fructose, extends flower vase life (Halevy and Mayak, 1981) . Treatment with sucrose has been shown to extend the vase life of cut Eustoma flowers (Cho et al., 2001; Ichimura and Korenaga, 1998) , as has combined treatment with benzyladenine and sucrose (Huang and Chen, 2002) . Since Eustoma inflorescences have many flowers and buds on each flower stem, both the promotion of bud opening and delay of senescence of each flower are important in extending the vase life of inflorescences. Usually, petal color becomes faint when buds open after harvest. Application of sugars to cut flower stems promotes bud opening (Koyama and Uda, 1994; Mor et al., 1984) and pigmentation of petals by increasing anthocyanin concentration (Ichimura and Hiraya, 1999; Ichimura and Korenaga, 1998; Maekawa and Nakamura, 1978) . Sugars serve as a substrate not only for glycoside residues of anthocyanin, but also for flavonoid biosynthesis via the shikimic acid and phenylpropanoid pathways. Furthermore, sugars induce gene expressions involved in anthocyanin biosynthesis (Tsukaya et al., 1991) . In cut Eustoma flowers, sucrose treatment enhanced the gene transcription of chalcone synthase, chalcone isomerase, and dihydroflavonol 4-reductase, which are involved in anthocyanin biosynthesis (Kawabata et al., 1999) .
When cut sweet pea flowers were treated with sugars for a short time, sugar content decreased rapidly, apparently lessening the effect of pulse treatment (Ichimura and Suto, 1999) . To compensate, sugars should be supplied to cut flowers at higher concentrations for pulse treatment. In cut Eustoma flowers, higher concentrations of sucrose in pulse treatment were more effective for extending the vase life of inflorescences and promoting bud opening , but damaged leaves (Shimizu-Yumoto and Ichimura, 2007) . This situation was similar to previous findings in which sucrose treatment damaged the leaves of roses (Markhart and Harper, 1995) and Tweedia caerulea (Hiraya et al., 2002) .
In damaged Eustoma leaves, the mesophyll near veins became water-soaked and eventually dehydrated (Shimizu-Yumoto, 2009 ). In cut Eustoma flowers, 4% sucrose was more effective in extending vase life than 2% sucrose in pulse treatment, but 4% sucrose solution damaged leaves when flower stems absorbed a large amount of this solution (Shimizu-Yumoto and Ichimura, 2007) . Treating flower stems with sucrose under high relative humidity (RH, about 86%) during pulse treatment reduced the risk of leaf damage (ShimizuYumoto and Ichimura, 2007) . Abscisic acid (ABA), a phytohormone, promotes stomatal closure. Combined treatment with sucrose and ABA reduced leaf damage in roses (Markhart and Harper, 1995; Pompodakis and Joyce, 2003) , and continuous treatment with ABA extended the vase life of foliage in Geraldton waxflower (Chamelaucium uncinatum) (Joyce and Jones, 1992) .
The effects of pulse treatments with ABA, sucrose, and their combination on leaf damage and the vase life of cut Eustoma flowers were investigated (ShimizuYumoto and Ichimura, 2009a) . Cut Eustoma flowers were treated with 10 μM (+) ABA [(+)-2-cis,4-transabscisic acid], 4% sucrose, and their combination, and held at 23°C and 66% RH for 21 h. Flower stems were then individually transferred to distilled water, and vase life was investigated. After pulse treatment, 50% of flower stems treated with sucrose alone had at least one damaged leaf, compared to none in flower stems treated Table 5 . Pollen tube growth in the base of the style in 'Asuka-nonami' flowers.
Six flowers were used for each treatment. z Pollen tube numbers growing in base of styles: −, none: +, 1 to 10: ++, 10 to 100: +++, more than 100. Cited from Shimizu-Yumoto and Ichimura (2006) . with sucrose + ABA (Table 6 ). These results indicate that ABA was effective in reducing leaf damage caused by sucrose treatment in cut Eustoma flowers. Sucrose + ABA treatment resulted in a great reduction in solution uptake compared with treatment with sucrose alone. ABA acts directly on stomatal closure, which generally results in a decrease in transpiration and a corresponding decrease in water uptake in plants. Therefore, the alleviation of leaf damage by ABA application with sucrose in pulse treatment could be attributed to the decreased uptake of solution for pulsing. Both the sucrose and the sucrose + ABA treatments extended the vase life of inflorescences compared to the control (Table 6 ). Treatment with ABA or sucrose + ABA, but not with that of the sucrose alone, also significantly extended the vase life of foliage (Table 6 ). These findings show that pulse treatment with sucrose + ABA is effective in improving the quality of cut Eustoma flowers.
To clarify the roles of ABA in the suppression of leaf damage and extension of the vase life of cut Eustoma flowers, the distribution of sucrose applied to flowers was investigated . Cut Eustoma flower stems were treated with 4% sucrose with or without 10 μM (+) ABA.
12 C-sucrose (normal sucrose) and 13 C-labeled sucrose were used to make solutions at certain concentrations. Flower stems were kept at 23°C and 56% RH for 24 h. Flower stems were then individually transferred to distilled water, and the distribution of carbon derived from the applied sucrose was studied by analyzing 13 C. In leaves, carbon derived from applied sucrose was accumulated about 4.6 times higher in sucrose-alone than in sucrose + ABA treatments immediately after pulse treatment. These results suggest that ABA reduced the accumulation of applied sucrose in leaves, thus reducing leaf damage in the sucrose + ABA treatment.
Pulse treatment of cut rose flowers with 14 C-sucrose resulted in the accumulation of more than 50% of 14 C in leaves (Sacalis and Durkin, 1972) , and treatment with 1% sucrose resulted in leaf damage (Markhart and Harper, 1995) . In contrast, with cut carnation flowers, only 20% of 14 C activity was present in leaves immediately after 14 C-sucrose pulse treatment (Sacalis and Durkin, 1972) and leaf damage was not observed when treated with 5% sucrose (Koyama and Uda, 1994) . In addition, 5% sucrose treatment did not increase sugar concentration in the leaves of cut carnation flowers (Minakuchi et al., 2007) . These findings suggest that the inter-specific variation in leaf damage caused by sucrose can be attributed to the different accumulation of applied sucrose in leaves.
To reveal the roles of ABA in the extension of the vase life of cut Eustoma flowers, the movement of carbon derived from applied sucrose was investigated at 2 and 5 days after sucrose or sucrose + ABA treatment by analyzing 13 C . Carbon from applied sucrose increased in open flowers and flower buds in both treatments, but decreased in leaves and stems at day 2, suggesting that carbon from the applied sucrose was translocated from leaves and stems to open flowers and flower buds. Carbon from applied sucrose was lower in open flowers and flower buds in the sucrose + ABA treatment than in the sucrose-alone treatment; however, total carbon of open flowers and flower buds was nearly identical in the two treatments. From these findings, we hypothesized that not only carbohydrates from applied sucrose but also endogenous carbohydrates were translocated to flower buds, and ABA probably enhanced the translocation of endogenous carbohydrates to flowers and flower buds, which might contribute to the extension of the vase life of cut Eustoma flowers treated with sucrose + ABA. In immature peach fruit, spray treatment with ABA enhanced sugar accumulation (Kobashi et al., 1999) , and ABA facilitated the uptake of sorbitol into vacuoles from immature flesh of apple fruit (Yamaki and Asakura, 1991) . These findings suggest that ABA affected the distribution of carbohydrates in fruits. Table 6 . Effects of pulse treatments with distilled water (control), 4% sucrose, 10 μM (+) ABA and 4% sucrose + 10 μM (+) ABA on solution absorption, rate of leaf damage, and vase life in cut 'Mira Coral' flower stems.
Values are the means of 10 replications. Solutions containing sucrose were added to 0.5 mL·L −1 Legend MK (Rohm and Haas Japan K.K., Tokyo, Japan, active ingredients: 11.3 g·L −1 5-chloro-2-methyl-4-isothiazolin-3-one and 3.9 g·L −1 2-methyl-4-isothiazolin-3-one) as an anti-microbial compound. z Number of flower stems that have at least 1 damaged leaf/10 flower stems × 100. y Vase life of inflorescence was determined as the interval from treatment to when the number of open flowers with erect pedicels was less than 5. Ethylene inhibitor treatments for cut Eustoma flowers In plant tissues, 1-aminocyclopropane-1-carboxylate (ACC) synthase (ACS), and ACC oxidase (ACO) are important enzymes in the ethylene biosynthesis pathway. Aminoethoxyvinylglycine (AVG) and aminooxyacetic acid, which are inhibitors of piridoxal phosphaterequiring enzymes, inhibit ACS activity, and aminoisobutyric acid, an analog of ACC, inhibits ACO activity; these chemicals are called ethylene biosynthesis inhibitors. Other chemicals inhibit ethylene actions. Ethylene perception requires specific receptors and a signal transduction pathway to regulate downstream responses. 1-Methylcycropropene (1-MCP) inhibits ethylene action by binding irreversibly to ethylene receptors (Serek et al., 1995; Sisler et al., 1996) . STS, an ethylene action inhibitor developed by Veen (1979) , is effective in delaying flower senescence in many ethylene-sensitive plants (Woltering and van Doorn, 1988) ; therefore, STS treatment is used widely in many ethylene-sensitive cut flowers, such as carnation, sweet pea, and Delphinium.
Because ethylene is involved in the senescence of cut Eustoma flowers , the effects of ethylene inhibitors on flower vase life have been studied. STS treatment extended the vase life of cut Eustoma flowers Shimamura and Okabayashi, 1997) . By contrast, Cho et al. (2001) reported that STS or 1-MCP treatment did not significantly extend the vase life of flowers left in ethylene-free air.
The effects of pulse treatments with STS, sucrose, and their combination on the quality and vase life of cut Eustoma flowers were investigated (Shimizu and Ichimura, 2005) . Cut Eustoma flowers were treated with 0.2 mM STS, 4% sucrose, and 0.2 mM STS combined with 4% sucrose for 20 h. Flower stems were then individually transferred to distilled water and kept at 23°C. STS + sucrose and sucrose alone extended the vase life of the inflorescence more effectively than STS alone and the control (Table 7) . There was no significant difference in vase life between sucrose alone and STS + sucrose. Pulse treatments with STS + sucrose and sucrose alone increased the rate of bud opening more than STS alone and the control (Table 7) . Anthocyanin concentrations in the colored parts of Eustoma petals were significantly higher in flowers treated with sucrose and STS + sucrose treatments than with STS alone and the control (Table 8) . Concentrations of sucrose, glucose, and total sugar in petals were significantly higher in petals of flowers treated with sucrose and STS + sucrose than with STS alone and the control (Table 8) . These results suggest that pulse treatment with STS + sucrose improved the postharvest quality of cut Eustoma flowers more effectively than STS alone.
In Japan, cut flowers are generally transported from growers to markets in a few days. Handling during transport affects the vase life of cut flowers (Doi et al., 1999) . Cut flowers are transported by a wet or dry method. In dry transport, cut flowers are transported without any water supplementation. Nowadays, wet transport has begun to be used in Japan for many cut flowers, including Eustoma, rose, and gypsophila, since this method maintains the freshness of cut flowers better than dry transport. Because high temperature accelerates Values are means of 8 replications.
Solutions containing sucrose and for wet transport were added to 0.5 mL·L −1 Legend MK as an anti-microbial compound. z Vase life of inflorescence was determined as the interval from treatment to when the number of open flowers with erect pedicels was less than 5. y Vase life of foliage was defined as the days when more than half of the leaves lost turgor.
x Number of buds opening during vase life of inflorescence/number of buds at harvest × 100. w NS, *, **: non-significant or significant at P < 0.05 or 0.01, respectively, compared to treatment in the last column by Dunnett's test. Cited from Shimizu-Yumoto (2009 bud opening during wet transport (Hu et al., 1998) , wet transport is usually performed at low temperature. A solution supplemented with an anti-microbial compound is usually used for wet transport. The effects of six treatments combining pulse treatment with chemicals with wet-or dry-transport treatment on the postharvest quality of cut Eustoma flowers were investigated under simulated conditions (Shimizu-Yumoto, 2009 ). Cut flowers were treated with chemicals at 23°C for 24 h, and then transported for 24 h. Dry transport was simulated at 23°C while wet transport was simulated at 15°C for 12.5 h and 10°C for 11.5 h. After simulated transport, flower stems were individually transferred to distilled water. The cut Eustoma flowers were pulse treated with 0.2 mM STS, 4% sucrose, and 10 μM ABA, and then treated with 1% sucrose for wet transport. These treatments extended the vase life of inflorescences and foliage and promoted bud opening (Table 9 , Fig. 5 ). We confirmed that these treatments were effective in practice when Eustoma flowers were transported from Hokkaido to a market in Tokyo.
Auxin is an important phytohormone, which is related to many aspects of plant growth and development. Application of synthetic auxins reduced the preharvest fruit drop of apples (Marini et al., 1993) and oranges (Zur and Goren, 1977) , abscission of flower buds in roses (Halevy and Kofranek, 1976) , and drop of flower bracts in Bougainvillea (Chang and Chen, 2001) ; however, there have been few studies on the effect of auxin on petal wilting (Sacalis and Nichols, 1980) . Recent research has shown that a combination of AVG and 1-naphthaleneacetic acid, a synthetic auxin, is highly effective in extending the vase life of cut Eustoma flowers , suggesting the possible future development of postharvest treatment of cut flowers with auxin.
Conclusion
Cultivars with a long vase life are an important target in flower breeding. In cut Eustoma flowers, sensitivity to ethylene is probably responsible for cultivar variation in the vase life of unpollinated flowers. Therefore, breeding cut Eustoma flowers with low sensitivity to ethylene would help to select cultivars with a long vase life. Pollination accelerates flower senescence, which is accompanied by a climacteric-like rise in ethylene production. The ease of pollination is related to the distance from the stigma to anther; the shorter the distance, the greater the rate of pollinated flowers. The pollinated area of the stigmatic surface affects flower senescence after pollination. These research findings led us to suppose the following situation during handling: Cut Eustoma flowers are harvested, and then packed in a box or bucket ready for transport. If they are roughly treated or shaken vigorously during packing and transport, the risk of pollination increases. In cultivars with a shorter distance from the stigma to anther, the pollinated area on the stigmatic surface will be larger, which accelerates flower senescence. Therefore, breeding plants with a longer distance from the stigma to anther might help to decrease the risk of natural pollination in Eustoma flowers.
Eustoma inflorescences have several open flowers and buds; thus, evaluating the quality of cut flower stems is complex. The number of open flowers, flower size, and petal pigmentation are important influences on postharvest quality. Sugar application improves bud opening and petal pigmentation, but pulse treatment with sucrose at low concentration is insufficient to improve these parameters; however, sugars at low concentration are used in practice as a pulse treatment for cut Eustoma flowers. STS treatment alone does not extend vase life remarkably and is not effective in improving petal pigmentation. We hope that the methods presented in this review for the postharvest handling of cut Eustoma flowers will be applied in practice.
